We studied the reproductive biology of a population of Pseudis minuta Günther, 1858 from Reserva Biológica do Lami (30º 15' S; 51º 05' W), Porto Alegre, southern Brazil. We assessed the spatial and temporal distribution of individuals (males, females, juveniles) and explored potential relationships with environmental variables. Field activities encompassed bimonthly surveys in three semi-permanent ponds, each one during approximately two days and two nights, from August 2004 to July 2005. We recorded differences in the sites used by males, females and juveniles, with males occupying deeper and more distant places from the border. The temporal distributions of individuals, calling sites and amplectant pairs indicated that the reproductive activity of P. minuta is related to some of the studied abiotic factors. Calling males presented statistical differences in relation to non-calling males for all daily abiotic variables analyzed (air temperature, water temperature, relative humidity and rainfall), as well as to monthly temperature and rainfall. The number of active males, females and juveniles was influenced by at least one of the daily or monthly environmental variables analyzed. We conclude that the reproduction in this species is seasonal and may be partially determined by abiotic factors.
The climate plays an important role on the activity pattern and reproduction of amphibians. In temperate regions the main abiotic factor that influences the reproductive activity of anuran amphibians is temperature, which is opposite to what happens in tropical and subtropical regions, where rainfall is the main factor (DUELLMAN & TRUEB, 1994) .
The influence of environmental factors such as rainfall, temperature and relative humidity on the reproduction of anurans was reported for several populations (e.g. AICHINGER, 1987; 1992; MOREIRA & BARRETO, 1997; BERNARDE & MACHADO, 2001; MARSH, 2000; OSEEN & WASSERSUG, 2002; VAIRA, 2005) . Additionally, there are intrinsic factors (i.e. internal rhythms, ontogenic changes) influencing the activity patterns of amphibians (WELLS, 1977; MORRISON & HERO, 2003) . So, reproductive activity is expected to be related to a combination of both, extrinsic and intrinsic factors (CAMARGO et al., 2005) . However, similar environmental conditions may produce different responses depending on the species and, mainly, its reproductive strategies.
The spatial and temporal distribution of anuran species varies according to the reproductive pattern (explosive or prolonged reproduction), the reproductive strategy, and the reproductive mode of each species. During the reproductive period, males of many species form aggregations aiming to attract females and breed (WELLS, 1977; LAVILLA & ROUGÉS, 1992; BASTOS & HADDAD, 1996) , but these aggregations follow patterns that are known for only few species (AICHINGER, 1987; GERHARDT et al., 1989; MITCHELL, 1991; BASTOS & HADDAD, 1999) .
This study aimed to describe aspects related to the spatial and temporal distribution of the individuals of a Pseudis minuta Günther, 1858 population from eastern Depressão Central (Central Depression) of the state of Rio Grande do Sul, and to associate the influence of environmental factors to their presence and calling activity.
MATERIAL AND METHODS
Field activities were carried out in semi-permanent ponds in Reserva Biológica do Lami (30º15'S; 51º05'W), a protected area with approximately 179 ha, located in the southern end of Porto Alegre municipality, Rio Grande do Sul, Brazil. This protected area shows a moderate mesothermic climate of a temperate type, without a dry season and with an annual mean temperature varying from 18-20ºC (NIMER, 1990) . Local vegetation is inserted in the ecotone between Deciduous Seasonal Forest and Dense Ombrophilous Forest (Atlantic Forest), characterized by the presence of wetlands, restinga forests and grasslands (BRACK et al., 1998) . Three semipermanent ponds were selected for this study with areas of approximately 205, 818, and 4,097 m 2 . During the sampling period, from August 2004 to July 2005, the study area was visited twice a month. The ponds were waded in search of individuals, which were manually caught. Data recorded for each individual were distance and sex of the nearest individual of the same species, distance to border and water depth. Individuals were sexed, weighted to the nearest 0.1 g with a Pesola spring scale and measured (snout-vent length -SVL) with a digital caliper to the nearest 0.1 mm. Before being released, each specimen was marked using the freezebranding technique (DAUGHERTY, 1976) , which means individual ventral marks made by contact with liquid nitrogen. Right after those procedures, each individual was released at its capture site.
Individuals were considered mature as follows: males with SVL from 20.6 mm and mass from 1.3 g; females with SVL from 32.0 mm and mass from 4.4 g (MELCHIORS et al., 2004) .
Water and air temperatures were recorded in the beginning and at the end of each sampling. These records were complemented with information obtained through the 8 th Meteorological District of Porto Alegre (30 km from the study area) about total daily and monthly rainfall and mean daily and monthly relative humidity and temperature.
The sexual ratio for the population was tested using χ 2 test by month. Differences in spatial distribution (border distance, water depth) among males, females and juveniles were tested by Kruskall-Wallis test and an a posteriori Mann-Whitney U test). Correlations between calling frequencies and abiotic factors were tested by Mann-Whitney U test, at two scales: daily and monthly.
Finally, correlations between environmental factors and abundance in each group (males, females and juveniles) were tested by the Kendall tau rank correlation coefficient. Data analysis was carried out using Statistica 5.5 for Windows (STATSOFT, 1999) .
RESULTS
General population pattern. Activity of individuals varied according to sex, age and month (Tab. I). Males were active during all months, except for January to March, when the ponds were dried out. There was an increase in the number of active males from April to September and a decrease in the following months. Calls were recorded from May to November, with a peak in September. Females were active from April to December; juveniles were recorded from October to April. Amplexi were observed from August to October.
The sexual ratio of the population was significantly different from 1:1 in July (χ 2 = 10.80; p < 0.005; n = 36; n = 13), August (χ 2 = 13.36; p < 0.001; n = 27; n = 6), September (χ 2 = 62.23; p < 0.001; n = 81; n = 7) and October (χ 2 = 22.53; p < 0.05; n = 28; n = 2). Seasonal analysis recorded differences in Autumn (χ 2 = 5.06; p < 0.05; n = 41; n = 23), Winter (χ 2 = 81.91; p < 0.001; n = 144; n = 26) and Spring (χ 2 = 27.52; p < 0.001; n = 38; n = 4). Summer months (December to March) were not analyzed due to the drought that took place during this period.
Spatial and temporal distribution. Significant differences among age-sex classes were found for the environmental variables border distance (KW = 7.505, p = 0.024) and water depth (KW = 7.734, p = 0.021).
Performing an a posteriori test, there was significant difference between border distance (U = 3084.5; p < 0.05) kept by males (n = 157) and females (n = 52) and water depth (U= 1956.5; p < 0.05) used by males (n = 158) and juveniles (n = 35) ( Fig. 1) . So, males used sites farther from the border than females and deeper than juveniles. The distance to the nearest individual was independent of sex and age of the involved individuals (KW = 0.43; p > 0.05) the smaller distance recorded (0.05 m) was between two calling males.
Daily and monthly environmental factors. During this study, there was an atypical drought period in Rio Grande do Sul, which lasted from December 2004 to February 2005 (Fig. 2) . The ponds in the study area dried out in December and remained dry until middle May.
Comparing calling males (n = 66) with non-calling males (n = 92), there were significant differences regarding total monthly rainfall (U = 1,699, p < 0.001) and mean monthly air temperature (U = 2,469; p < 0.05) recorded in each group (Fig. 3) . There was no significant difference between the groups of calling and non-calling males concerning mean monthly relative humidity (U = 2,677.5; p = 0.2; non-calling = 92; calling = 66). At daily scale, there were significant differences of air temperature (U = 1,458.5; p < 0.001), water temperature (U = 1,502; p < 0.001), relative humidity (U = 2,331; p < 0.05) and rainfall (U= 1,599; p < 0.001) concerning the presence of calling (n = 66) and non-calling males (n = 92) (Fig. 4) .
The number of males was significantly correlated to the daily air temperature; the number of females was significantly correlated with the daily air temperature, water temperature and relative humidity; the number of juveniles was significantly correlated with the daily water temperature and relative humidity (Tab. II).
At monthly scale, the number of males, females and juveniles was significantly correlated with mean air temperature and mean relative humidity; the number of males had a marginal correlation to total rainfall (Tab. III).
Displacements, mark and recapture. During the sampling period 145 individuals of Pseudis minuta were marked, being 97 males, 33 females and 15 juveniles. Approximately 23 % (21 males, 10 females and 2 juveniles) of them were recaptured; five were recaptured more than once. Based on marks and recaptures, three displacements between the swamps were recorded. One individual was marked when it was juvenile and recaptured after seven months, identified as adult male, 
DISCUSSION
The spatial and temporal distribution of anurans is fairly studied, either concerning calling sites of adult males or concerning use of microenvironments by tadpoles (e.g. CARDOSO et al., 1989; ANDRADE & CARDOSO, 1991; POMBAL, 1997; BERTOLUCI & RODRIGUES, 2002; TOLEDO et al., 2003; MELCHIORS et al., 2004) . However, few studies assess spatial and temporal distribution of females and juveniles and study synchrony and chronology of events that happen in periods other than the reproductive season (see CAMARGO et al., 2005) . Nothing was known concerning to those subjects for P. minuta, or for any other species belonging to this genus.
Males of P. minuta used sites farther from border and deeper than those used by females and juveniles, respectively. This characteristic on the use of the space may be a consequence of males requirements for sites for calling and amplexus. These kind of sites are available in larger number in regions nearer the middle of the ponds, hence, in the deeper portions. Around 35% of the males were found calling on aquatic plants which were only available in regions far from the border (ZANK et al., 2008) . Some authors commented the importance of the space between calling males (GERHARDT et al., 1989; MITCHELL, 1991) . The distance between individuals varied independently from sex or calling activity in this study. Maintenance of a minimum space is likely advantageous only in locations where there is large density of males because it helps to decrease the number of aggressive interactions, as observed in a population of Pseudis boldodactyla A. Lutz, 1925 (VAZ-SILVA et al., 2007 .
Records of greater number of individuals, callings and mainly of amplexi from August to November indicate that the species has prolonged seasonal reproductive activity in the study area, as observed in other regions (LAVILLA & ROUGÉS, 1992; LANGONE, 1995; MELCHIORS et al., 2004) . Taking into consideration that spermatozoa and mature ovums are present all over the year (LAVILLA & ROUGÉS, 1992; MELCHIORS et al., 2004) , the reproduction of the species seems to be actually conditioned by extrinsic factors, like formerly suggested by MELCHIORS et al. (2004) . The strong influence of the temperature, relative humidity and rainfall, either on the presence of individuals or on the calling activity of males, reinforces this evidence.
The sex ratio was significantly different from 1:1 from July to October and in all sampled months the number of observed males was higher than the number of observed females. The period between July and October corresponded to that in which the individuals were active for reproduction, that is, when males were more conspicuous than females due to callings. Amplectant pairs were observed between August and November, so the increase on visibility of males may be related to reproductive events (since amplexus is an unmistakable signal of reproduction). This could be interpreted as males beginning to prepare (perhaps territoriality) for reproduction, so we observed amplexi immediately after the increase of males calling activities. This follows the same vein as the correlations observed with abiotic factors. Additionally, the major abundance of males compared to the number of females is expected for nonexplosive breeding frogs (WELLS, 1977) .
Abiotic factors such as relative humidity, rainfall and temperature influence reproductive activity of anurans (e.g. AICHINGER, 1987 AICHINGER, , 1992 DONNELY & GUYER, 1994; POMBAL et al., 1994; BERTOLUCI, 1998) . However, the response to a rainy night may vary depending on the seasonal or annual rainfall (MARSH, 2000) .
Pseudis minuta presents the most generalized and phylogenetically primitive reproductive mode among anurans (BASSO, 1990) ; its eggs and tadpoles develope in lentic environments. In spite of depending on aquatic environments for reproduction, the presence of individuals of P. minuta seems to depend more on the air temperature and relative humidity than on the monthly rainfall. In fact, species with aquatic reproduction seem to be less dependent on rains than the species with terrestrial reproductive mode (POMBAL, 1997) . Moreover, in temperate regions the temperature is the main abiotic factor that determines the reproductive activity of anuran amphibians (DUELLMAN & TRUEB, 1994) .
Females seem to be more sensitive than males and juveniles to abiotic factors at daily scale, given that their presence was correlated to all factors analyzed, except for rainfall. The arrival of females to the reproductive sites probably happens mainly as a response to a combination of causes that could include abiotic factors at both daily and monthly scales (such as temperature, relative humidity) and male calling activity.
As was observed in P. minuta, the calling activity of other anuran species presents correlation to abiotic factors such as air temperature and monthly rainfall (e.g. ANDRADE & CARDOSO, 1991; MOREIRA & BARRETO, 1997; BERNARDE & MACHADO, 2001; OSEEN & WASSERSUG, 2002; GOTTSBERGER & GRUBER, 2004) . The correlation between daily abiotic factors and calling activity may be explained by the great energetic waste of males on this activity (DUELLMAN & TRUEB, 1994; SMITH et al., 2003) . It would be disadvantageous for a male, to spend a great amount of energy calling in days when the abiotic factors do not favor reproduction. Additionally, calling activities may have other relevant functions at species level, like territorial defense, which is related to sexual selection processes (DUELLMAN & TRUEB, 1994) .
Anurans normally migrate in the beginning of the reproductive period from the areas where they spend the less favored season to more favored locations for reproduction (LAVILLA & ROUGÉS, 1992) . Recently, MIRANDA et al. (2005) recorded displacements of individuals of Pseudis cardosoi Kwet, 2000 between ponds in a population from northeastern Rio Grande do Sul. The greatest displacement in that study was 83.5 m. Two displacements of approximately 120 m were recorded in this study between the swamps sampled. Thus, displacements on earth surface of individuals of the species of this exclusively aquatic genus seem to be longer and more common than it was known so far. However, the function of these displacements remains unknown, and feeding activities (i.e. active search for prey) or looking for refugia could not be discarded.
